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(54) CAPACITOR 

(57) In a capacitor comprising a pair of electrodes 
and a dielectric substance intervening between the two 
electrodes, one of the electrodes is composed of sin- 
tered niobium nitride. Preferably, the dielectric sub- 
stance is composed of niobium oxide and the electrode 
other than the electrode composed of sintered niobium 
nitride is composed of an ingredient selected from elec- 
trolytes, organic semiconductors and inorganic semi- 
conductors- This capacitor has good environmental 
stability and good leak current characteristics. 
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Description 
Technical Field 

Background Art 

! : dlu inereoT are ^own. These capacitors have widely used in various fields For examniP fhr a ^tJ«w 

SrTi^rS r98 !f PaC,tanCe 31 3 hi9h ,reqUenCy Wesslng the occurrence oSe-snS 
voltage and enhancing the efficiency of conversion to a direct current ^ 

SsltZSSr r a ' S ^ 35 9 CaPaCl,0r e,eC,rode have P^em, Namely, sintered aiurrt- 
rr m i ^r T. , aCten$,,CS 51,0,1 35 distance and chemical characteristics and sintered 

W004] To provide a capacitor used in a smoothing circuit and having an enhanced capacitance at a hioh freouenev 
the volume of a sintered metal substrate made of. for exampie. tantalum or aluntoSTSSw be to^ZHfe 

Z *• ,f a "«terial having a dielectric constant larger than that of tantalum Sels used 2? 22S ^ 
Disclosure of Invention 

SJ? 9 ,nverrtors have h-rther found that if the electrode other than the electrode composed of sintered niobium 
[00071 Thus, in accordance with the present invention, there is provided a capacitor comDrisirw a oair of 
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Brief Description of the Drawing 
[0009] 

s Figure 1 is a partially cutaway view in perspective specifically illustrating one example of the capacitor of the 
present invention. 

Best Mode for .Carrying Out the Invention 

tyng metallic n,obu»m. For example, niobium nitride of a powdery form is made by nitrifying the surfac JofwJSesof 
pawleryn.ob.um in a nitrogen gas atmosphere. In ihis instance, the amount of nitrogen bound to the niobium is intoe 
range of from 10 to 200 000 ppm by we^ preferably 100 toSO.OOO ppm by weight. For nitrifying niobium ZnhSSn 
nrtnde havrng the desired nitrogen content, the temperature employed is not higher than 2 000-C and KeiZ 
,s •" several tens °f houre - Generally, as the temperature for nitrification becomes high, the particle Jrfe«s 

r^ lT ^ ^ P ° Wdery n,obujm nrtr,de containing several hundreds ppm of nitrogen is obtained 
OH* L ^ & thus - ( *J ai " e f P 0 ^ 8 ^ niobium has a shape approximately similar to that of the powdery niobium 
asTi^w n2 ^ ? 3 ■ P ° VVdery niobium mass oWai " ed by Pulverizing a niobium lump is used 

!L1 ^nal.p^ery n,ob,um nrtnde ^"3 varfous shapes which are peculiar to pulverized mass is obtained In 
another example. ,f powdery niobium in the form of a secondary particle is used, which fe prepared by reduc^g rSas- 
s^f^obatetogiveafi^ 

nT:r^ ery "^"^ 1*? Sbni ' ar 10 SeCOf * ar * P*^ 65 15 Further^raxample. if po^Sum 
Sedia^^^^ 

ETfa Ju? SIT" rt0t T nifr if iS C ^ ained by S,merin9 ' for exam P ,e - PO^^ niobium nitride at a high tempera- 
tore m vacuoJn one example, powdery niobium nitride is press-molded and then the molded product is allowed tostand 

L^n^ 6 °t !?°S 1i 2 00 °' C 3 PTessure °* 10-1 to 1 °* *fr for several mir^tesVsevera. h^ra ^Ta 
sintered n.ob.um nrtnde. ff the degree of vacuum is insufficient at sintering, air is entrapped in the powdery^te?ia?dur 

e^SLr^^ 5 SimU ' aneOUS,y wm nm ™«™ «* *• «* thattoe^citrwShT^ XSESSi 
M^ A ^l P °° rf ^ 0rmanC !- Genera,,y 3 suitable sinterin 9 temperature varies amending upon thep^SeSnv 
liT^ ^ U T? de ' 8n * thS Sma ' ,er the P 3 ™ 6 diamet ^ tower thrsimelg^nperaTre 

„^ ^ S ^ StanCe USGd in the capacilor ° f 1,16 inven,ion " there 03,1 1)8 "lenbon^ for^ample. tanta- 
lumox.de. niobium oxrie. pofymenc substances and ceramic compounds. When tantalum oxide is used as adieleSnc 
su^ance^he tantalum oxide can be prepared by depositing a tantalum-containing compStch as^exaS^S 
™S W l" acety .' aCetonato <**"<**< °" an electrode, and then, subjecting ^deposit toMnZKn^/Tr 

v^'L^T "'^T 1 OXid9 * US6d 33 3 die,ectric substance " me niobium ™ ^ p wed byVhSl^ 
s^cn as tofe^™^ 8 ^ in ^ « * dating a KL«2£5X£t 

S^trtS^ a,hDXy * an acet yacetonato complex on an electrode and then, subjertngthe 

elecfrode by comertang a niobium nrtride electrode into niobium oxide in an electrolyte or subjecting a ni^um^onTn! 
2^exonan,ob,umn,«^ 

a^^ot?!^!^* • 6 °^ 0n - " the 0356 ^ ni0bium n,trWe b ^"the niobium dielectL in 
n^rl *« ntL^f If ,nVem,0n 15 30 e,ectro,ytic 3 Posits electrode composed of niobium 

22%, 1 u n ' ob,un « 5 o nte '™"9 oomplex * subjected to hydrolysis and/or pyrolysistoyieW niobium 

cxrie. the mobium nrtnde has theoretically no polarity and can be used either as a positive elecVode or a H^Z ZZ 

Son NaH7^f a S ± ,anC !, die,eCtriCS ^ * * 36 deBcribed in Ja ™° Unexamined Patent Pub- 

i^ k ! ' 3 ProceSS Where,n 3 93560115 <* n «nomer is introduced in voids or pores within metal fol- 

a process wherem a molten polymenc substance is introduced. As specific examples of the high polymeric substances 
h^e can be mentioned a ftoororesin. an alkyd resin, an acryiic resin, a polyestaTresin such a^ poTX^e^Imt: 
late, a vinyf resin, a xylylene resin and a phenol resin yeiny.ene lerepmna 
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2? !L 1 6 °^ e L tt,an n,0b,Um nftride electrode of 1he ^P 3 ^ of invention is not particularly lim- 
Jt ^rZ^T**^ 01 ^ 006 inQrediern 8etected from ****** «* ^ in an aluminum electrdytic 
capacitor industry, organic semiconductors and inorganic semiconductors. As specific examples of the efectrolvtW 
tfwe can be mentioned a mixed dimethylformamide/ethylene glycol liquid containing 5% by wetaht of isobulXiomDV- 
5 ZTT b0f0ntetraf ' UOfide ' and a ^ ^tene carbonate/ethytene glycol 'quid LZg T^Sof 
tetraethylammonium borontetrafluoride. As examples of the organic semiconductok there can bTmenfioned an 
organ* sem,conductor composed of benzopyroline tetramer and chloranil. an organic semiconductor p^nanS 
compnsed of tetn^totetrecene. an organic semiconductor predominancy comprLd of tetr^no^fSnSS? 




nl^IL « '"dependently represents hydrogen, an alkyl group having 1 to 6 carbon atoms or an alkoxy 
^ f CartX)n atoms ' X represents an oxygen, sulfur or nitrogen atom. Ft 5 represents only when X is a 
ri!^ a £^ B4T 6S ^«l! ydro9en 0,3,1 ^^"9 1 to 6 carbon atoms. R 1 and R 2 may form together a 
« Z^mT^ 1 may K fomi ,09etnerann 9 ^ specific examples of the electrically conductive polymere of for- 
2 ( ?' ^ T be n,emioned Polyaniline. polyoxyphenylene. polyphenytene sulfide. polythTophene poly- 

^^ s ZT^ a, lf y ^ thy,Pyrr0la examp ' eS of *» ™^ nK semiconductor* there^bT mer^oned 
™ r ^" C ^conductors predormnarrtly comprised of lead dioxide or manganese dioxide, and inorganic semjconduc- 
tors romposed of tnrron tetraox.de. These semfconductore may be used either atone or as a mixture of at least two 

40 PJJL When organic semiconductors and inorganic semiconductors having an electrical conductivity of 10 2 S • cm 
i^ZLJtl™^ me {VganiC semic °™luctors and inorganic conductors, capacitors having a far reduced 

impedance and a mere enhanced capacitance at a high frequency are obtained. 

£Z T**"* " ■** Capa0itOr ° f « he invention be those which have heretofore been employed, provided 
that the capacrtor compnses a pair of electrodes and a dielectric intervening between the efectrcrfeTone specific 
^7 of the capaotor of the invention is illustrated in Rg. 1. wherein a sintered niobium nitride 1 composed of a plu- 
2 ,0biUn l, nrtride b0dies iS placed 38 a " ^ectrode and on which niobium oxide dielectric layers have 
EEL^T? Jr ^T' Ca " y COnVertin9 me surtaces * * e sintered rtobium nitride bodies into niobium oxide in an elec- 
l^'^V^T^i a ™ 0bium<0n,ainin9 com P , « to hydrolysis and/or pyrolysis to produce niobium oxide on the 
« fn^r ? ^! mered n,0O,Um nrtrde 7,16 e,ectrod * is form «« «• the dielectric layer. 

Is U ^ , f r ' 3 Carb ° n ***** 2 and a sihrer paste 3 are formed in this order on the other electrode, and then the 

thus-prepared laminated product is encapsulated with a sealing material such as epoxy resin to form a capacitor The 
^w^rii ^ " i0b !T lead4whichhas be 3 " sintered in integrated with the sintered niobium nitride bod- 

ZZZSSZHS 1- 10 ^ ni0 ° iUm niWdG ^ 7,16 is essembfed together with a posZ 

55 ^ ai!d a negate electrode lead 6 and the assembly is enclosed by an outer resincovering 7. 

[00201 The capacrtor provided with the niobium toad 4. illustrated in Fig. 1. is a rectangular parallelepiped but its 
shape is not particularly limited thereto and may be. tor example, cylindrical paraiietopped. but rts 

[0021 J The capacitor of the invention will now be described specifically by the following examples. 
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Examples 1 to 7 



10022] Powdery niobium having an average particle diameter of 1 0 to 40 pm was treated at 4O0 D C in a nitrogen atmos- 
phere to give powdery niobium nitride. The amount of nitrogen bound to niobium by nitrification was about 2 000 ppm 
by weight The powdery niobium nitride was sintered at 1 .500«C in vacuo to give sintered niobium nitride bodies having 
a diameter of 10 mm and a thickness of about 1 mm, and containing pores having an average diameter of 3 urn with a 
porosity of 45%. The sintered niobium nitride bodies were treated in an aqueous phosphoric acid solution at a voltage 
of 20 V to form a niobium oxide dielectric layer on the surface of each sintered body. 

[0023] Each of the substances for forming an electrode other than the electrode composed of the sintered niobium 
nitride bodies, as shown in Table 1, was deposited on a plurality of the dielectric layer-formed sintered niobium nitride 
bodies. Further, a carbon paste and then a silver paste were laminated in this order on the dielectric layer-formed sin- 
tered niobium nitride bodies. Then the thus-laminated product was encapsulated with an epoxy resin to give a Capacitor 
[0024] The capacitance at 100 kHz and the LC value at 4 V were measured. The results are shown in Table 2 



Table 1 



Example No. 


Other electrode and electrical conductiv- 
ity(S*cm~ 1 ) 


Electrode forming method 


Example 1 


Chloranil complex of tetrathiotetracene 2x10° 


Repeat of immersion in solution of the com- 
pound described in the left column, and drying 


Example 2 


Isoquinoline complex of tetracyanoquinodimeth- 
ane3x10° 


Repeat of immersion in solution of the com- 
pound described in the left column, and drying 


Example 3 


Dope of polyanilme in toluensulfonic 3 x to 1 


Repeat of oxidation reaction in aniline solution 


Example 4 


Dope of polypyrrole in toluenesuKonic acid 5 x 
10 1 


Repeat of oxidation rection in pyrrole solution 


Example 5 


Dope of polythiophene in toluenesulfonic acid 4 x 
10 1 


Repeat of oxidation reaction in thiophene solu- 
tion 


Example 6 


Mixture of lead dioxide and lead sulfate (lead 
dioxide 97 wt%) 5 xio 1 


Repeat of oxidation reaction of lead acetate 
solution 


Example 7 


Mixture of manganese dioxide and lead dioxide 
(lead dioxide 95 wt%) 5 x 1 0 1 


Thermal decomposition of manganese nitrate 
(250°C twice), then repeat of oxidation reaction 
of lead acetate solution 



Examples 8 aogL3 



40 I0025 l Powdery niobium nitride having an average particle diameter of 40 to 80 M m and a bound nitrogen content of 
about 1 0,000 ppm by weight was sintered at 1 ,600*C in vacuo to give sintered niobium nitride bodies having a diameter 
of 10 mm and a thickness of 1 mm, and containing pores having an average diameter of 7 ^m with a porosity of 55% 
The sintered niobium nitride bodies were immersed in a bath of pentaethyl niobate liquid, and thereafter, the sintered 
niobium nitride bodies taken out from the bath were maintained at S5*C in a steam and then dried at 350°C whereby a 

45 dielectric layer composed of niobium oxide was formed on the sintered niobium nitride bodies. 

[002S] Each of chloranil complex of tetrathiotetracene (Example 8} and a mixture of lead acetate and lead sulfate 
(Example 9) for forming an electrode other than the electrode composed of the sintered niobium nitride bodies was 
deposited on a plurality of the dielectric layer formed sintered niobium nitride bodies by the same procedures employed 
in Example 1 and Example 6. respectively. Further, a carbon paste and then a silver paste were laminated in this order 

50 on the dielectric layer-formed sintered niobium nitride bodies. Then the laminated product was encapsulated with an 
epoxy resin to gjve a capacitor. The properties of the capacitor were evaluated. The results are shown in Table 2. 

Comparative Pramplre 1 aptf 2 

55 [0027] Powdery tantalum having an average particle diameter of 10 to 40 urn was sintered at 1 .500°C in vacuo to give 
sintered tantalum bodies having a diameter of 10 mm and a thickness of about 1 mm. and containing pores having an 
average diameter of 3 ^m with a porosity of 45%. The sintered tantalum bodies were treated in an aqueous phosphoric 
acid solution at a voltage of 20 V to form a tantalum oxide dielectric layer on the surface of each sintered body. 
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I 0 "? 1 J:*^ 01 Ch,0ranil COmplex 01 te^totelracene (Comparative Example 1) and a mixture of lead acetate and 
ead sufcje (Comparatve Example 2) for forming an electrode otter man thTeleciode corrposi of tte SOU C 
S?T T d f° S,ted 00 a P"" 36 * 01 the dielecfric layer-formed sintered tantalum todies by he Sme pro^ 
di^es employed .n Example 1 and Example 6. respectively. Further, a carbon paste and then a Jlver^e ^rt 

ZESZlZZlZl r die,eCt t'l yer - formed **« tertah »" ****** then, the 

^T^l 30 epQ, V resin »V «"e same procedures as employed in the above-mentioned Exarmles tooive 
a capaotor. The properties of the capacitor were evaluated. The results are shown in Table! ^ 

Comparative Examples 3 and 4 

Hi 8 procedures employed in Example 1 and Example 6 were repeated wherein the powdery niobium was not 
T^lTr^^ 10 1! Sfmered nktoUm **** amJ ^^tors w-b "«de from 

The propertes of the capaators were evaluated. The results are shown In Table 2. wumooa.es. 

Table 2 





Capacitance (100 kHz) 
HF 


LC(4V)mA 


Example 1 


55 


0.9 


Example 2 


50 


0.8 


Example 3 


60 


1.2 


Example 4 


60 


1.0 


Example 5 


55 


1.2 


Example 6 


62 


0.8 


Example 7 


60 


1.0 


Example 8 


40 


0.3 


Example 9 


40 


0.3 


Comparative Example 1 


24 


0.02 


Comparative Example 2 


26 


0.O4 


Comparative Example 3 


54 


14 


Comparative Example 4 


57 


18 



io Example in 

T**"* 1 ni0biUm nitride 35 P"*™"** -n Example 1 were Immersed in a bath of pantaethyl 

tentalate bqurt and thereafter, the sintered niobium nitride bodies taken out from the bath were maintahedSS'S 

2 31 ^ "~«* a di «^ ^ composed of tantrum oxide was fZ'^te^ 

f^2ci composed of a 5% solution of isobutyttripropylammonium borontetraftuoride electrolyte in 

lZ^TZ?J™??^ mK,e and Bthy,ene *«* ^ WLed onto the altered niobium nitride bodies. The 
SS tZ?™h rt6re f " ,obium ni1ride ***** w ere charged in a can. and the can was sealed to give abettor 
[0032J The property of the capacitor were evaluated. The results are shown in Table 3. ^ 

Comparative Fvampto s 

wSLd^in^T^ '"^^J ° WSre to make a "V**" entered niobium bodies 
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Example 11 

[0034] By the same procedures as employed in Example 1. sintered niobium nitride bodies were made and then nio- 
bium ox.de dielectric layers were formed on the sintered niobium nitride bodies. An electrolyte was applied to the die- 
lectric layer-formed sintered niobium nitride bodies, and the electrolyte-applied product was charged in a can and the 
can was sealed to give a capacitor by the same procedures as described in Example 1 0. The properties of the capacitor 
were evaluated. The results are shown in Table 3. 

Comparative Example 6 

10035] The procedures as errpioyed in Example 1 1 were repeated to make a capacitor wherein sintered niobium bod- 
les were used instead of the sintered niobium nitride bodies with an other conditions remaining the same The orooer- 
ties of the capacitor were evaluated. The results are shown in Table 3. 



Table 3 




LC(4V) nA 


Example 10 


0.3 


Example 11 


0.4 


Comparative Example 5 


9 


Comparative Example 6 


10 



Example 13 

[0O361 By the same procedures as errpioyed in Example 1 . sintered niobium nitride bodies were made and then nio- 
bium oxide dielectric layers were formed on the sintered niobium nitride bodies. The dielectric layer-formed sintered nio- 
bium ™tnd« bodies were immersed in an aqueous equimolar solution containing 0.01 mole/1 of iron(ll) sulfate and 
l r °tl an excessive amour * of an aqueous sodium hydroxide solution was added whereby triiron 

tetraoxjoe as the electrode other than the niobium nitride electrode was formed on the dielectric layer-formed sintered 
niobium nrtridebod.es. A carbon paste and then a silver paste were laminated in this order on the dielectric layer-formed 
sintered niobium nitride bodies, and then, the thus-laminated product was encapsulated with an epoxy resin by the 
same procedures as employed in the above-mentioned Examples to give a capacitor. The triiron tetraoxide used had 
anelectncal conductivity of to 3 S • cm 1 . The properties of the capacitor were evaluated. The results are shown in 



Comparative Example 7 

[00371 The procedures as employed in Example 12 were repeated to make a capacitor wherein sintered niobium bod- 
ies were used instead of the sintered niobium nitride bodies with all other conditions remaining the same The orcoer- 
oes of the capacitor were evaluated. The results are shown in Table 4. 



Table 4 







Capacitance (100 kHz) 


LC(4V) nA 










SO 


Example 12 


3d 


0.7 




Comparative Example 7 


38 


16 



55 



Industrial Applicability 

[0038] The capacitor of the invention with an electrode composed of sintered niobium nitride bodies exhibits excellent 
environmental stability and leak current (LC) characteristics. 

[0039] Especially the capacitor having an electrode composed of sintered niobium nitride bodies and the other elec- 
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trade composed of at least one ingredient selected from organic semiconductors and inorganic semiconductors and 
having a niobium oxide dielectric intervening between the two electrodes has an enhanced capacitance per unit weight 

l J?J reqU !^r We " ^r Ce " ent te9k Curre " 1 (LC) charac,eristics - Therefore, the editor of the invention 
suitable for a smoothing circuit of a power source. 

Claims 

1- A capacitor cornprising a pair of electrodes and a dielectric substance intervening between the electrodes, charac- 
terized in that one of the electrodes is composed of sintered niobium nitride. ' 

2 " TnnfT^ ^°^L n9 tD 1 - wnerein me CO" 16 " 1 o' bound nitrogen in the sintered niobium nitride is in the 
range of 10 to 200,000 ppm by weight 

3. The capacitor according to claim 1 or 2. wherein the dielectric substance is composed of niobium oxide 

4 ' 2!^^ according to cla, ' m 3 - wnerein the ^electric substance composed of niobium oxide is formed on the 
^^^"^ ? S " 1tef ! d ni0bium nitrfde by co^^'on-treating the electrode composed of sintered niobium 
nitride « an electrolyte, or subjecting a niobium-containing complex to hydrolysis and/or pyrolysis on the electrode 
composed of sintered niobium nitride. 



5. The capacitor according to any of claims 1 to 4. wherein the electrode other than the electrode composed of 

tor carl nirtKntm nife-iHn lr> ~>* ^-^^ : ■: * ^ . . - . , . . 



tered niobium nitride is at least one ingredient selected from electrolytes, organic semiconductors and 



semiconductors. 



sin- 



inorganic 



Therapacitor according to any of claims 1 to 4. wherein the electrode other than the electrode composed of sin- 
ered niobium nrtnde is at least one ingredient selected from organic semiconductors and inorganic semiconduc- 
tors, which have an electrical conductivity of 1 0 2 S • cm 1 to 1 0 3 S - cm 1 . ^.nconauc 
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